Appendix 1: Instructor's notes a) Preparation of culture plates showing phage typing activity

Materials required:
-Culture plate of Staphylococcus aureus (ATCC 35556 TM ) -Nutrient agar plates -Sterile swab -Sterile saline or water -Vortex and Marker pen -3 ml or 5 ml sterile transfer pipettes -50 ml sterile tube -P10 or P20 pipette and 10 µl sterile pipette tips -TRIGENE Disinfectant -Gloves and Safety glasses -Biological safety cabinet (optional) -Discard Jar/Biohazard container
Method:
Culture plates of phage typing were prepared using the following method:
1. Aliquot 40 ml of sterile saline/water in a 50 ml tube.
2. Using a sterile swab pick up 3-4 colonies from the culture plate and mix with the saline, and vortex the tube to create a turbid bacterial suspension. 6. Prepare 5 ml of working strength TRIGENE disinfectant (1:100 dilution in water).
7. Pipette 4.5 µl of diluted TRIGENE as a round drop on the above prepared and dried lawn plate next to the numbers 2, 4, 6, and 8 separately. DO NOT MOVE THE PLATE. This is an important step and needs to be done with care. Discard used tips into appropriate biohazard bin.
8. Let the disinfectant drop dry (approximately 10 to 15 minutes). Prepare two agar plates like this and label the plates as 'ward #1' and 'ward #6'.
9. Prepare a third agar plate following steps 4 to 5 and then using a pipette dispense 3.5 µl of TRIGENE (working strength) as above (step-7) next to the numbers 3, 5, and 7 separately onto the agar lawn plate. Let the TRIGENE drop dry properly. Label this plate as 'ward #3'.
10. Repeat above steps to produce sufficient sets of plates according to the class size.
11. Invert and incubate plates at 37°C overnight.
12. After incubation all agar plates are now ready to show plaques or phage typing exercises (Figure 1 ).
At the end of this practical exercise, contaminated pipettes, tips and all bacterial cultures/plates were disposed of by autoclave sterilization.
Extra Tips for Instructors:
To meet the instructor's preference, the volume of TRIGENE disinfectant can be adjusted or decreased from 4.5/3.5 µl to 1.5/2 µl to make the plaque size smaller and to dry the disinfectant drops quickly. Instructors can also use sterile plastic loop (size range from 5 to 10µl according to the instructor's preference) instead of pipette tips (to avoid the use of P-10/P-20 pipette) to deposit the artificial phage solution (TRIGENE, 1:100) on each bacterial lawn plate. Selection into this programme requires a higher standard than some other programmes and the programme provides students an understanding of the scientific basis of health and disease in humans and animals.
The second year microbiology laboratory teaching is part of the "Microbiology and Immunology" course and is structured into eight different practical classes that encompass essential practical techniques which are widely used in clinical and diagnostic laboratories, and complement the theoretical concepts taught in lectures.
Students enrolled into this course had also completed the courses of "Human Organ Systems" plus "Cellular Process 
Pseudomonas aeruginosa (ATCC®27853™)
Serratia marcescens (ATCC®13880™)
Bacteriophage plaques Lawn of bacteria/bacterial growth
The laboratory exercise described in this paper was performed as an independent activity (to complement theoretical concept of bacteria-virus interaction taught in lecture) in the seventh/last microbiology lab, and was preceded by six labs and series of lectures (covering microbiological features of important bacterial, viral, fungal and parasitic human pathogens using clinical examples, infectious diseases and their treatment) within "Microbiology and
Immunology Course". Students had already received adequate training about laboratory safety, microbiology and laboratory techniques during their previous microbiology laboratory sessions. Students were expected to meet the laboratory safety requirements of the course which include the safe handling of live organisms classified as BSL-1 and BSL-2, the use of aseptic techniques and the proper disposal of biohazard materials. Moreover, instructors review the concept of laboratory safety during pre-laboratory explanation and demonstration.
This phage typing exercise could easily be implemented as a stand-alone laboratory exercise and is suitable for introductory microbiology courses for nursing, medical laboratory science, clinical/medical microbiology and biomedical science students whose prior lectures have covered introductory aspects of microbiology, viruses, and bacteriophages along with safety measures taught during the course and during the laboratory exercise.
c) Requirement of teaching assistance
Demonstrators and lecturers (ratio of 1 : 10/12 students) need to be available to answer questions or for students' assistance. 
d) Example answers (instructor's key/model answers)
Appendix 2: Potential modification
This plaque assay can be designed as a hands on exercise with minor modification for a small class size. This will require the practical class to span across two days' period, with students preparing bacterial lawn plates with phage solutions added on the first day. On the second day, students would observe their plates to record and interpret results.
To achieve this modification the following steps need to be followed as part of the instructor's preparation:
a) Preparation of series of artificial bacteriophage solutions
Use two different colors 1.5 ml eppendorf tubes, or free standing 2 or 5 ml tubes (for example blue and green color tubes), and label the tubes as phage 1 to 8 and C (control) as per Figure A2 -I & -II. Aliquot ~200 µl of TRIGENE (diluted at 1:100 ratio in water) into some of the tubes (for example, the blue tubes labelled as 2, 4, 6, and 8 and the green tubes labelled as 1, 5, and 7). Aliquot ~200 µl of water into the rest of the tubes. Prepare enough sets of tubes depending on the class size. Please note diluted TRIGENE (in small volume) looks identical to water, and therefore the students will not be able to differentiate which tube contains the disinfectant and which tube contains sterile water ( Figure A2 -III). Tube 3 (1.5 ml water)
Tube 4 (1.5 ml TRIGENE diluted at 1:100)
Figure A2-III:
Showing there is no color difference between TRIGENE (diluted at 1:100 ratio in water) and water. Tubes 1 and 3 contain water whereas tubes 2 and 4 contain TRIGENE.
Culture 1 Culture 2 c) Other materials required
Depending on the class size, the instructors will need to ensure that sufficient other materials such as enough nutrient agar plates, sterile tubes, swabs, pipettes etc (as listed in Appendix 1 -preparation of phage typing plates) are available to students.
d) Teaching assistants requirement
Teaching assistants, at a suggested ratio of 1 : 6/8 students, will be required to provide technical support to students for preparing culture plates and to answer questions.
e) Instructor's lab introduction notes for Day 1 Lab
The students are given eight different artificial phages (aliquoted either into blue or green color tubes), and a control labelled as C. If students work as a pair, instruct one student to work with culture 1 and to use blue color tubes as a source of bacteriophages and instruct the second student to work with culture 2 and to use green color tubes as a source of bacteriophages. It is important that each individual student uses either blue or green tubes, and does not mix up different color tubes during the exercise, and also students should not move the plate after adding the bacteriophage drop until it dries.
Student's laboratory protocol 1. Aliquot 40ml sterile saline in a 50ml tube.
2. Using a sterile swab pick up 3 to 4 colonies from host culture plate 1 or 2 and mix to create a turbid bacterial suspension.
Please note if the host culture is provided as a suspension in a tube the above two steps are not needed. 6. After preparing and drying the lawn plate, dispense 3.5-4.5µl of individual phages and the control from the stock tubes next to the relevant number on the prepared lawn plate (as a round drop) using a separate pipette tip to avoid cross contamination. Discard used tips into apropriate biohazard bin. DO NOT MOVE THE PLATE until the phage drops have dried. This is an important step and needs to be done with care.
7. Let the phage drops dry completely (approximately 10-15 minutes).
8. Label the plate with your name and date, and either culture 1 or culture 2, depending on which culture you used.
9. Invert and incubate plates at 37 ○ C overnight.
f. Instructor's lab introduction notes for Day 2 lab
After incubation, students will see the similar results on the culture plates like our phage typing exercise. The students will then analyse their result-plates, and interpret the plaque formation and phage typing as outlined in Table 1 and Table 2 in Appendix 1 to understand bacteria and virus interaction, host specificity, and the use of phage typing to determine similarity between bacterial cultures.
Another/second version of modification of our phage typing assay: For a small class size such as for a class size of 20, students can work individually. Instructors prepare 20 times the same bacterial culture plates or aliquot ~12ml of the same bacterial suspension into 20 separate tubes but label the plates/tubes as culture or host-1, -2, -3 so on.
Students still use either blue or green color tubes as a source of phages across the class (maybe half of the students in the class use blue tubes and other half use green tubes), and prepare the plates and incubate as outlined above (Appendix 2). After completion, in lab 2 instructors can collect the class data to see how many host cultures showed similar phage typing across the class. For example the class data may show host cultures-1, 4, 6, 7, 8, 10, 16, 17, and 19 showed phage typing 2/4/6/8 and the rest of the host cultures showed phage typing 1/5/7.
Our phage typing exercise with the above modification would also allow students to learn how to make a lawn plate, pipetting, and using sterile techniques. In our course, we already teach bacterial plating, pipetting, and also preparing lawn plates for antibiotic sensitivity assays during other parts of the microbiology laboratory, and also due to the large class size and time-limit, we have exhibited the phage typing assay as a demonstration/exhibition. multiply in the host bacterial cell which will eventually burst (lyse) releasing mature virus particles. These bacteriaphage interactions are very specific. Phage typing depends on the variation in sensitivity of bacteria to phages shown by different bacterial strains of the same species. In this exercise, you will determine whether 3 different isolates of S.
aureus are the same strain by reading the results of a phage typing test.
A new outbreak of erythromycin-resistant Staphylococcus aureus wound infections has occurred in a hospital ward (ward #6). Recent outbreaks, with different strains of erythromycin resistant S. aureus, have occurred independently in wards #1 and #3. Phage typing can be used to see if the strain causing the new ward #6 outbreak is related to either of the strains causing the previous outbreaks.
The following procedure was used:
Materials
culture plates from different isolates showing phage typing
Method (this has already been done for you!)
1. A lawn plate for each S. aureus isolate was prepared by inoculating a tube with 1 ml of sterile saline with 2 or 3 bacterial colonies, pipetting 500 µl of the suspension on the agar plate and spreading it evenly across the surface to ensure confluent growth, and leaving it to dry.
2. A grid of 9 squares was marked on the back of each plate.
3. The squares were labelled as 1-8 and the last square "C" (control).
4. Each square, except the control, was spot inoculated with a drop of the corresponding phage preparation using a sterilized loop/pipette. The plate was left on the bench for 10 min for the phage spots to dry.
5. The plates were incubated in the inverted position at 37 o C overnight.
Interpretation of results
A plaque or positive result is indicated by a zone of no growth (clear plaque) in the lawn of S. aureus. The phage type is recorded as shown in the following example:
Example
If phages 3, 4, and 8 gave a positive result (clear plaques), the phage type would be 3/4/8. Record a clear zone as +, no zone as -
Question
What conclusions can you draw from the results of this experiment?
